High biodiversity is the most remarkable characteristic of Lake Tanganyika including vertebrates, invertebrates, and plants. A few protected areas have been created along the lake to protect its biodiversity. However, limited studies have been carried out to ascertain their effectiveness. The current study aimed at assessing and comparing fish diversity and abundance of Lake Tanganyika in a protected area (Mahale Mountains National Park (MMNP)) and unprotected areas surrounding it. The data were collected in the near shore zone at 5 m and 10 m depths using stationary visual census (SVC) technique. The protected area recorded higher fish richness and abundance than unprotected areas ( < 0.05). It was concluded that the protected area is effective in conserving the fish diversity and abundance of the lake. However, more studies should be carried out regularly to explore the efficacy of the protected area in conservation of aquatic biodiversity and abundance.
Introduction
High biodiversity is the most remarkable characteristic of Lake Tanganyika including vertebrates, invertebrates, and plants [1] [2] [3] . It contains more than 1300 species of fish, invertebrates, and plants among which 500 species do not exist anywhere else on earth (endemic species) making it an important contributor to global biodiversity [4, 5] . The lake has received relatively less human impact than many other African lakes [6] and could serve as an example of managing lakes in other developing countries. The complex ecosystem of the lake in terms of number of species as well as their complex interactions is without any doubt unique in the world [5] .
The fishery of Lake Tanganyika is of great importance to the surrounding region where protein is scarce [1, 7] . Fishing is the greatest simple economic activity depended upon by the communities surrounding the lake and it is perceived to be one of the greatest threats to biodiversity. The removal of large quantities of fish (app. 130,000 to 170,000 tons of fish −year ) might be expected to have a direct impact on the biodiversity of the fish (and other aquatic organisms) in the lake [8] . The productivity of an ecosystem promotes its quality whereby living organisms are manufactured through interactions of community and environment. Standing crop, rate of removal of resources, and rate of production are the measures of the quality of an ecosystem, [9, 10] recommended strengthening of prohibition of fishing activities within the park to enhance biodiversity and biomass within park boundaries.
The reputation for high biodiversity in Lake Tanganyika is best demonstrated by fish of the family cichlidae and the mollusks. Both of these groups have a high number of species with a substantial proportion of endemic species [1] and a considerable genetic variability within species.
The lake, however, is vulnerable to pollution [11] [12] [13] and there are currently few efforts being made to conserve 2 International Journal of Biodiversity its biodiversity. The most immediate threats to the lake's unique environment and biota are pollution from various sources [14] and intensive fishing with illegal methods. These problems and their effects are increasing and immediate attention is required to assess and control these problems and conserve the biodiversity. One of the methods of conserving biodiversity of the lake is to control human activities by establishing protected areas [10, 15, 16] . Mahale Mountains National Park (MMNP) is one the of no-take zones in the lake. Establishment of protected areas is a proactive measure of mitigation, ensuring that some essentially unmodified sites exist within the lake for buffering against uncertainty [17, 18] .
Paley et al. [19] reported that 53% of all the species known to inhabit Lake Tanganyika are found in MMNP. However, there are limited studies on fish abundance and diversity carried out in the region [19, 20] . Such studies need to be carried out on a spatial and temporal scale to determine the change in diversity and abundance. In addition, they can assist to ascertain the degree of anthropogenic influence and pollution in such critical ecosystems. The aim of this study was to assess and compare spatial pattern of fish abundance and biodiversity within and outside MMNP in order to verify effectiveness of the protected area and provide reference information as a baseline for such a critical habitat.
Materials and Methods
The study was conducted in May to June 2008 and the sampling sites were located within Mahale Mountains National Park ( Figure 1 ) and areas outside the park. The MMNP is located at the southern edge of Kigoma (North North West to South South East), with an elevation ranging from 2,000 to 2,400 m [21] . The MMNP was put in place in 1985, and it covers an area of 1,613 km 2 of which 96 km 2 is aquatic covering a strip of water along the shore of Lake Tanganyika and extends 1.6 km into the lake [22] with many bays and few small rocky outcrops [21] . Of all the areas along Lake Tanganyika, Mahale is one of the richest in the topographical variation [21] . The park is one of the four national parks or natural reserves bordering the lake; the others are Rusizi River Nature Reserve (Burundi), Gombe River National Park (Tanzania), and Nsumbu National Park (Zambia) [15] .
The sampling design of the study was categorized into three factors: (1) status of the area with two levels (protected and unprotected); (2) habitat with two fixed and orthogonal levels (rocky and sandy), and (3) sampling site. A total of twelve sampling sites (8 sites within the protected area, that is, MMNP and 4 sites in unprotected areas) were selected. Of these twelve sites six (4 within MMNP and 2 in unprotected areas) were sandy and the other six (4 within MMNP and 2 in unprotected areas) were rocky habitats. The four outermost sites (i.e., the first two and last two) were located in unprotected areas (Buhingu and Sibwesa villages) and the rest were within MMNP. The sampling sites were selected at least 5 km apart. In the survey, we noted that rocky and sandy habitats were not equally interspersed within and outside the protected areas. The geographical positioning system (GPS) locations of the sites were recorded (Table 1) .
Environmental parameters, namely, dissolved oxygen (DO), temperature, and transparency, were also recorded at 5 m and 10 m depths (Table 1) . Water transparency was measured using a Secchi disc while DO and temperature were recorded using a multiparameter analyser WTW 340i [23] .
Fish abundance and diversity data were collected in the near shore zone using stationary visual census (SVC) technique which involved SCUBA diving. A pair of divers conducted censuses of fish population within a quadrant of 8.5 m by 5 m which was laid on a lakebed. The divers first sampled at the deeper point (10 m) and then moved towards the shore to 5 m water depth. At each depth, two points located 10 m apart were sampled. The species present in the column of water were identified and individuals of each species were counted and recorded on slates. It took about 45-50 minutes for divers to count and record fish in the quadrant. Fish were identified to the species level as per Konings [24] . The data obtained were used to calculate fish diversity by the Shannon-Wiener diversity index.
Data were recorded in Microsoft excel packages and further analyzed in STATISTICA (version 8, Inc., 2010).
The mean values of water transparency, dissolved oxygen concentration, and temperature were tested independently with one-way ANOVA for each parameter at a significant level ( = 0.05). In addition, species diversity and richness were derived by using Shannon-Weiner diversity index ( ) formula as shown below:
where is number of species in the sample, and is relative importance values obtained as the squared ration of the importance values of individual value for all species to the total importance.
Results
There was no significant variation ( > 0.05) in water parameters tests between sampling sites in protected area and unprotected areas; water transparency (ANOVA, 1,22 = 0.12, = 0.73), DO (ANOVA, 1,22 = 3.67, = 0.07), and temperature (ANOVA, 1,22 = 0.16, = 0.69) ( Table 1 ). In MMNP, five sampling sites (63%) had relatively flat beds, two (25%) had inclined beds, and one site (12%) showed a mixture of flat and inclined bed. However, as one moves from the shore towards the open waters, there was a sharp increase in depth. Purely flat rocky bottom was not encountered in the survey. Riverine was another type of habitat found in the park although survey could not be conducted due to crocodiles' menace.
There was a large degree of overlap between fish species found in protected area (inside MMNP) and unprotected areas (outside MMNP) ( Table 2) . A total of 70 and 55 fish species were recorded inside MMNP and outside MMNP, respectively.
Generally, dominant fish species (with their percentage of individuals on the total individuals counted in the survey in parentheses) included Lepidiolamprologus S10 S11 S12 L a k e T a n g a n y i k a
Map showing study sites (labeled S1-S12) along the shore of Lake Tanganyika during May to June 2008 survey. S1-S2 and S11-S12 represent study sites in unprotected areas and S3-S10 are study sites inside the protected area (Mahale Mountains National Park). International Journal of Biodiversity Cichlids dominated in both areas. A small number of species ( = 4) were recorded in the outermost sampling site of the unprotected area in Sibwesa. Of the sites inside the park, site 5 recorded few species diversity ( = 7). Generally, percentage of individuals of fish species on the total individuals counted in a sampling site was higher in sites with low species richness than sites with high species richness. For instance in sampling site S12, X. ochrogenys and N. tetracanthus dominated by 50% and 47%, respectively.
The area inside the park had higher fish biodiversity than areas in the unprotected areas (outside the park), ( < 0.05) ( Table 3) . Comparison of rocky and sandy habitats showed that the former had high mean fish abundance per stationary visual census and 1 m 2 in both protected and unprotected areas (Table 3) .
Shannon-Wiener diversity index was used to describe the fish species diversity in rocky and sandy habitats within the protected area and unprotected areas (Table 3) .
Although the two divers recorded many fish species in the protected area as compared to unprotected areas, there was no significant difference ( > 0.05) in fish diversity between the areas. Nonetheless, pooling all data from both protected and unprotected areas showed that fish species diversity was significantly difference ( < 0.01) ( Table 4 ). In addition, a significant variation ( < 0.001) in species diversity between rocky and sandy habitats was evident in protected area, and vice versa for unprotected areas (Table 4 ).
Discussion
Environmental parameters, namely, dissolved oxygen, water temperature, and transparency, seemed to have no significant difference between areas inside and outside the park hence their influence on diversity and abundance of both areas was negligible. This could ascertain the fact that the variation in the fish abundance and diversity did not depend on the water quality parameters, but probably due to mainly other factors such as the management mechanism and the location of the sites.
Stationary visual census (SVC) employed in this study was noted to be size nondependent, unlike gillnet which relies on the mesh sizes and thereby affects the size of fish sampled; this method depends only on the visual capabilities of divers. In addition, the estimated sample of fish does not revolve around the captured and the noncaptured samples, but rather based upon the random throw of transects which appear to be representative of the study location. It was pointed out by Watson and Harvey [25] that SCUBA diver is likely to obtain accurate measures of species richness. However, the major setbacks of this method involved the look-alike of cichlids, mobility of fish [25, 26] due to disturbance, and the schooling phenomenon of fish which was minimized by throwing the transects randomly at least 5 m apart by the thoroughly trained experts on cichlids taxonomy. The avoidance of such sampling errors seemed to make the method robust.
Generally, rocky habitats recorded high fish species diversity than the sandy habitats ( Figure 2 and Table 3 ). For example the Shannon-Weiner diversity index for sampling sites outside the park indicated that fish diversity in rocky habitats was twice of that of sandy habitats. This could have been attributed to the favorable environment on the rocks for the growth of algae [27] which is the food of many herbivorous fish species. The same finding was reported by Paley et al. [19] . This implied that rocky areas had good biodiversity complexity hence attracted and harbored various aquatic organisms including fish [8] . Another reason could probably be the suitability of the rocks to provide hiding sites for cichlids to avoid predators. The hiding sites are mainly crevices which form microhabitats that are used as nests for breeding purposes. The fish species that use rocky habitats for breeding include many Neolamprologus species [24] which were among the dominant species in the park. Therefore, variations in fish diversity among the habitats could be a result of differences in food availability and habitat preference of fish. On the other hand, sandy habitat defined as a predominantly sandy bottom with less than one tenth of the area covered with rocks is known to support relatively few cichlids [24] . Only those species capable of forming schools venture out over bare sandy bottoms. This could probably be the reason for school foraging species were infrequently recorded in the survey.
Protected area indicated high mean species richness than unprotected areas. Surprisingly, the protected area failed to show significant difference in fish species diversity under the Shannon-Weiner. This might be due to some reasons including relatively few species recorded in both protected and unprotected areas during the survey; the fact that protected areas do not present equilibrium points [28] hence other factors apart from human predation such as physicochemical properties of water can affect the biodiversity. In addition, nonvulnerable species could be negatively affected by the protection effect through their ecological relationship with other fishes, such as competition or predation [29] . Species richness and individuals within a species declined as one moves out of the park (Figure 2 ). This might have been contributed by intensive fishing [30] and environmental 8 International Journal of Biodiversity degradation [31] such as poor agricultural practice [14] in the unprotected areas which might have led to siltation consequently destruction of the breeding grounds of fish. Tierney et al. [32] pointed out that decline in primary production is likely to further impact particularly the clupeid fishery of the lake. During the survey, beach seine nets were witnessed being illegally operated along the shore beaches in Sibwesa (sampling sites S11 and S12). Furthermore, poor fishery management attributed to insufficient fisheries managers and limited patrols by the surveillance and control unit situated some distance from these areas could be the reasons for these illicit practices. High abundance of delicious and expensive fish species like B. microlepis (kuhe) sometimes referred to as "the lake's chicken" and L. dardennii (kungura) within the park waters was believed to be "a calling factor" for poaching practices in the park by the villagers surrounding the park. Many of such cases had been reported (pers. comm.). Fish abundance was unevenly distributed between species in habitats, inside MMNP, and outside MMNP. All the dominant fish species (Table 2) reported to be present in the park by Paley et al. [19] were recorded in the current study except X. flavipinnis which was recorded neither inside MMNP nor outside MMNP. Almost all the dominant species are endemic to Lake Tanganyika [33] . Four of the current most dominant species, namely, L. attenuates, N. brichardi, L. elongates, and E. melanogenys, were recorded in the top ten dominant species of the report in the same sampling technique, that is, SVC whereas another two species, P. paradoxus and X. ochrogenys were recorded in gillnets. That is to say, three species of the current top 10 dominant species are reported for the first time by this study. Furthermore, 5 of the 10 top dominant species inside MMNP were not recorded outside MMNP, the rest were recorded in relatively low numbers. In contrast, only 2 of the top 10 abundant species outside MMNP were not recorded in areas within MMNP. Therefore, fish species dominated inside MMNP were not dominant outside MMNP and the vice-versa except for O. nasuta which was the second dominant species in areas outside MMNP and ranked eighth inside MMNP. Interestingly, the most dominant fish species O. ventralis outside MMNP was not recorded inside MMNP. It was recorded in high numbers probably because it was in aggregation [34] or low abundance of its predator, Plecodus straeleni (0.53%) [35] . Furthermore, species from some families such as Mastacembelidae and Bagridae which are highly endemic [19] were recorded in the park only justifying that the park serves as a "safety valve" in fisheries resource conservation.
High diversity of fish species indicated by the ShannonWiener diversity index and abundance in the park especially in rocky habitats means that the park continues to nurse and serve as a "gene pool" for many fish species of Lake Tanganyika as compared to its neighborhood unprotected areas.
Conclusion
Fish abundance and diversity in the protected area were higher than in unprotected areas. Restriction of any fishing activities within the protected area seemed to contribute much to availability of such good stock of fish. However, there were some variations in biodiversity within the park and habitats. There were higher species abundance and diversity in rocky habitats than in sandy habitats. The aquatic environment in unprotected areas seemed to be threatened by many factors such as siltation due to uncontrolled agricultural activities and illegal fishing methods that could have resulted into reduced fish species diversity. There is a need to create awareness on the importance of the MMNP aquatic component and its conservation to the riparian communities to avoid conflict of interest between the stakeholders. Because of limited studies on fish biodiversity and abundance in the region, the findings of the current study serve as baseline information for future references as an attempt to revive the fisheries resources in the area and the lake at large. Further regular and comprehensive studies are required to verify the efficacy of the protected area in conservation of aquatic biodiversity and propose sound management practices.
